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Summary.-Fifty-one subclones from carcinogen-treated cells of 3 tissues (kidney,
liver and prostate) of the male Chinese hamster have been studied to determine the
relationships of3 criteria of in vitro transformation: morphological change, increased
plating efficiency and growth in soft agar. There was no correlation between
increased plating efficiency and the other 2 parameters. Morphological change
was not always easily recognisable, particularly in cells derived from liver, and was
not always a stable feature of any given subclone. This may be due to the technique
of isolation used (ring cloning) or may be due to chemically-treated cells requiring
long periods of culturing before attaining a stable phenotype. When a stable
morphological appearance was achieved, there was good correlation between trans-
formed morphology and colony formation in soft agar.
The problems of scoring morphological change as an assessment of malignant
transformation, and the importance of spontaneous morphological changes are
discussed.
Two systems for the quantitation of
in vitro cell transformation following
treatmenit with chemical carcinogens have
been widlely used. One system uses
Syrian hamster embryo cells (Berwald
and Sachs, 1963; DiPaolo and Donovan,
1967; DiPaolo et al., 1969a, 1969b, 1971)
and the other uses C3H mouse prostate
cells (Chen anid Heidelberger, 1969a, b)
or a cloned line of C3H mouse embryo
cells which has recently been established
(Reznikoff et al., 1973a, b). As a means
of quantifying the effects of the chemical,
morphological changes have been scored.
In the Syrian hamster system these are
changes to fusiform cells growing in a
random criss-cross pattern, and in the
C3H mouse systems they are changes to
the ability to form multilayered foci
against a normal monolayer background.
With each of these systems a reasonable
degree of correlation has been reported
between morphological transformation and
tumour production on transplantation
into suitable hosts, although a recent
report by Sanford et al. (1974) suggests
that fusiform, criss-crossed Syrian hamster
cells are not necessarily malignant, and
that tumours often arise from morpho-
logically normal cells.
Inthe present studywe haveattempted
to assess the potential of a similar trans-
formation system using Chinese hamster
cells from 3 different tissues with 3 dif-
ferent carcinogens. In so doing, morpho-
logical changes have been noted in experi-
mental cultures, and by cloning areas of
different morphology, attempts have been
made to determine whether morphological
transformation correlated with other
characteristics said to be exhibited by
transformed cells such as increased plating
efficiency (Frei and Oliver, 1972) and
growth in soft agar. The ability oftrans-
formed rodent cells to grow in soft agar
has previously been shown to correlate
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well with tumour production (Kirkland
and Pick, 1973; Kirkland, Harris and
Armstrong, 1975; Evans and DiPaolo,
1975).
Following a number of conflicting
reports on whether or not non-random
chromosome changes accompanied chem-
ical transformation or chemical induc-
tion of tumours, it was also decided to
examine the karyotype of a number of
clones obtained from experimental cul-
tures. One of the main advantages of
using Chinese hamster cells is that they
possess only 22 chromosomes and hence
karyotypic analysis is facilitated. A
detailed report of these observations,
showing good correlations between growth
in soft agar and appearance of marker
chromosomes, is presented elsewhere
(Kirkland and Venitt, 1976).
The data presented here show that no
correlation exists between plating effi-
ciency and either altered morphology or
growth in soft agar. On the other hand,
there is fairly good agreement between
transformed morphology and agar growth
when morphology is assessed at the time
of the agar test. However, the morph-
ology at this time may be different from
that observed at the time of cloning from
experimental cultures. The possible
reasons for this change and the complica-
tions it introduces to the quantitative in
vitro assessment of chemical carcinogens
are discussed.
MATERIALS AND METHODS
Media
Cells were grown in a mixed-serum
medium which Yerganian and Lavappa (1971)
have found suitable for the maintenance of
diploidy of cloned Chinese hamster cells.
Yerganian's medium (YM) consists of Eagle's
minimal essential medium supplemented with
1.5% (v/v) NCTC 109, 1% (v/v) of a 100-,uM solution of sodium pyruvate, 5% (v/v) foetal
calf serum, 6% (v/v) dialysed calf serum, 2%
(v/v) calf serum, 0.2% (w/v) sodium bicar-
bonate (reagent grade), 100 i.u./ml penicillin
and 100 yg/ml streptomycin.
Cells
The prostate, liver and kidneys of a
4-week-old Chinese hamster (bred in a colony
obtained from the Imperial Cancer Research
Fund, London) were separately minced,
trypsinized, and seeded in acid-washed glass
bottles containing YM. At the third passage
(40-50 days in vitro) cells were plated at 104
per 9-cm plastic dish (Sterilin). At this
density, individual colonies arose which were
subsequently isolated by ring cloning (Puck,
Marcus and Cieciura, 1956). The clones used
in the experiments described below from the
prostate, liver and kidneys were designated
CHMP/E, CHMLi/H and CHMK/H respec-
tively.
Treatment of cells with carcinogens
(i) Chemicals.-Kidney cells (CHMK/H)
at the 9th passage after cloning (58 days total
in vitro) were treated with 3-methylcholan-
threne (MCA, Koch-Light) in the dose
range 0-10 ltg/ml; liver cells (CHMLi/H) at
the 12th passage after cloning (125 days total
in vitro) were treated with 7-methylbenzan-
thracene (MBA, kindly purified by Dr A.
Dipple) in the dose range 0-5 ,ug/ml; and
prostate cells (CHMP/E) at the 10th passage
after cloning (79 days total in vitro) were
treated with N-methyl-N-nitrosourea (MNU,
kindly synthesized by Dr K. V. Shooter) in
the dose range 0-100 ,tg/ml.
(ii) Survival assay.-5-cm plastic dishes
(Sterilin) containing YM were seeded with
5 x 102 and 5 X 103 cells. Quintuplicate
dishes received graded doses of carcinogen
in either 0.25% (v/v) dimethylsulphoxide
(for MCA and MBA) or 10% (v/v) phosphate-
buffered saline at pH 6 (for MNU). Control
dishes received appropriate concentrations
of solvent only. After 24 h (MNU) or 48 h
(MCA and MBA) the medium was replaced
with fresh YM and cultures were re-fed at
7 days. Colonies werestained withmethylene
blue and counted 10-12 days after the start
of treatment.
(iii) Transformation assay.-9-cm plastic
dishes (Sterilin) were seeded with 5 x 103 or
5 x 104 cells (depending on survival after
treatment) and were treated as above (10
dishes per treatment). The carcinogen-con-
taining medium was removed, the cultures
were fed weekly for 4-5 weeks, and observed
regularly for morphological changes. This is
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about the same post-treatment time as is
required for C3H mouse cells to develop
altered morphology (Chen and Heidelberger,
1969a, b; Reznikoff et al., 1973b) and is
much longer than the 10-day post-treatment
period after which colonies of transformed
Syrian hamster cells are recognizable (Ber-
wald and Sachs, 1963; DiPaolo and Donovan,
1967; DiPaolo et al., 1969a, b, 1971).
Altered colonies were generally not seen
until this period had elapsed, at which time
the majority of plates were stained with
methylene blue, the morphological trans-
formants counted and these counts related to
known survival to give frequencies of trans-
formation. At the same time, marked
colonies ofdifferent morphological types from
unstained treated and untreated cultures
were isolated by ring cloning (Puck et al.,
1956). If the isolated subclones were seen
to be heterogeneous then recloning was
carried out by the same procedure, and the
resultant subclones,whenculturedtosufficient
numbers (5-6 passages), were subjected to
various tests. Growth in soft agar, plating
efficiency studies and karyotype analysis
could not be carried out before this time due
to the small numbers of cells in the growing
subelones. A comparison of the morpho-
logies of subelones with their respective
appearance at isolation would not have been
practicable or accurate at an earlier time due
to the fact that transformed morphologies
involving disorientation and piling-up are not
apparent until cell-crowding occurs.
Tests on subclones isolated from treated and
untreated cultures
(i) Plating efficiency (PE).-102 and 103
cells were seeded in 5-cm plastic dishes in
quintuplicate, the plates were re-fed at
7 days and stained at 12-14 days, when the
colonies were counted.
(ii) Morphology.-Isolated colonies from
the PE experiments (i.e. 12-14-day colonies)
were observed microscopically to re-deter-
mine the morphology of the subelone for
comparison with the morphology noted at
the time of isolation.
(iii) Colony formation in soft agar.-
Single-cell suspensions from each subclone
were tested for their ability to grow to form
colonies in soft agar by the method described
by Kirkland and Pick (1973).
(iv) Karyotype analysis.-The procedures
and results of analysis of the karyotypes of
kidney and prostate subelones are reported
elsewhere (Kirkland and Venitt, 1976).
RESULTS
Survival and transformation
Survival and frequency of trans-
formation in relation to dosage for
CHMK/H with MCA, CHMLi/H with
MBA and CHMP/E with MNU are shown
in Figs. 1, 2 and 3 respectively. It must
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FiG. 1.-Survival and morphological trans-
formation in cloned Chinese hamster kidney
(CHMK/H) cells following treatment with
3-methylcholanthrene (MCA).
be emphasized that the transformation
frequency curves only reflect morpho-
logically altered colonies observed in
experimental cultures and that, as will be
shown below, these areas may not persist
in their changed morphology. It is clear
from Figs. 1-3 that the different cell types
show markedly different frequencies of
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FIG. 2.-Survival and morphological trans-
formation in cloned Chinese hamster liver
(CHMLi/H) cells following treatment with
7-methylbenzanthracene (MBA).
spontaneous morphological change in
untreated cultures, the highest being seen
in CHMK/H cells (Fig. 1).
The normal morphology (i.e. that of
the parental clone prior to treatment) of
each of the 3 cell types was monolayer
growth with the cells firmly adherent to
the plastic surface and lightly staining
(Figs. 4a, 5a and 6a). Morphologically
transformed areas of CHMK/H cells
(Fig. 4b) showed slight multilayering, but
the main feature was loss of orientation
of growth, with the cells less adherent to
the plastic and hence more darkly staining.
The morphological change seen in
CHMLi/H cells would seem to be from an
endothelial type to a fibroblastic type
with concomitant loss of orientation and
substrate dependence (Figs. 5a and 5b).
This change was more easily recognized
in kidney (Fig. 4) than in liver (Fig. 5)
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FIG. 3.-Survival and morphological trans-
formation in cloned Chinese hamster pros-
tate (CHMP/E) cells following treatment
with .N-methyl-N-nitrosourea (MINU).
cultures. Altered CHMP/E cells (Fig. 6b)
on the other hand were recognizable by
their ability to form densely-staining,
multilayered foci.
Properties of subclones derivedfronm
experimental cultures
Only 6 attempts to isolate 32 subelones
from MCA-treated and untreated
CHMK/H cultures were successful, and
each of these was of transformed morph-
ology. It is unfortunate that no morph-
ologically normal subclones survived for
comparison. However, the PE, agar
growth and morphology data of these 6
subelones is shown in Table I, with the
available data for CHMK/H cells at the
time of treatment as the nearest compari-
son. It is clear that the morphology of
these subelones did not alter between
isolation and the performance of the tests,
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FIG. 4a.-Area of normal morphology on a dish of kidney cells (CHMK/H) treated with MCA.
Methylene blue. x 185.
FIG. 4b.-Area of transformed morphology on a dish of kidney cells (CHMK/H) treated with MCA.
Note loss of orientation of growth. Methylene blue. x 185.
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FIG. 5a.-Area ofnormal morphology on a dish ofliver cells (CHMLi/H) treated with MBA. Methylene
blue. x 185.
FIG. 5b.-Area of transformed morphology on a dish of liver cells (CHMLi/H) treated with MBA.
Note criss-crossed pattern of growth. Methylene blue. x 185.
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FiG. 6a.-Area of normal morphology on a dish of prostate cells (CHMP/E) treated with MNU.
Methylene blue. x 185.
FIG. 6b.-Area of transformed morphology on a dish of prostate cells (CHMP/E) treated with MNU.
Note densely-staining multilayered foci. Methylene blue. x 185.
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TABLE I.-Properties ofSubelones Derivedfrom CHMKIH
3-methylcholanthrene (MCA)
Treatment
(jsg/ml MCA)
0
0
2-5
5*0
10*0
5*0
5 0
Morphology*
.1A
After 5-6
At isolation passages
N N
T T
T T
T T
T T
T T
T T
+ Cells prior to treatment.
* T = transformed, N = Normal.
and that each morphologically altered
subclone had the ability to form colonies
in soft agar. There is great diversity in
Plating
efficiency
(/)
4-0
12*9
3.4
12-1
100*0
0 9
32-6
Cells Treated with
Growth
in
agar
+
+
Agar
plating
efficiency
(o/ 0
5-38
0*85
>10
>10
044
5-6
PE within the 6 subelones, ranging either
side of the value for parental CHMK/H
cells (Table I).
TABLE II.-Properties ofSubolones Derivedfrom CHMLi/H Cells Treated with
7-methylbenzanthracene (MBA)
Morphology Agar
Plating Growth* plating
Treatment After 5-6 efficiency in efficienc ibclone (/jg/ml MBA) At isolation passages (%) agar (%)
1 0 N N 2-8 ±
2 0 N N 79 -
3 0 N N 8-5 -
4 0 T T 8-6 + 3.4 5 0 N N 55-5 ±
6 0 N T 71-0 + 1.5 7 0 N T 100i 0 + 2-0 8 0 T T 39 3 + 0.1 9 01 N T 56-3 -
10 0.1 N T 100 0 + 0.1
11 0-1 N T 77-5 NDt 12 0.1 T T 24-3 ±
13 0-1 T N 34-0 i
14 0-1 T T 53-5 + 0-2 15 0.1 N T 39-5 + 0-6 16 0.1 N N 07 -
17 0.1 T N 2-5 + 0.4 18 0-1 T T 32-8 i
19 0-5 N N 0-7 ±
20 0-5 N N 25-0 + 0.1 21 0-5 N N 1-2 -
22 0-5 N T 9-75 + 0-2 23 1-0 N T 100.0 i
24 1-0 N N 1-8 i
25 1.0 N N 25-5 i
26 1-0 T T 66-0 + 0-1 27 1-0 T T 5.9 -
28 1-0 N N 8-5 -
29 1-0 N T 63-3 -
30 1-0 N N 12-9 -
31 1-0 T T 32-3 + >10 32 5*0 T T 100-0 + 0.1 33 5.0 N T 67-0 -
34 5 0 N N 40-8 in
35 5-0 T T 62-5 i
36 5.0 T T 36-5 4r
* i = Small colonies which may consist of normal cells which can undergo 3-5 divisions in agar.
t ND = Not done.
Subclone
A
B
C
D
E
F
,y Su
11
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TABLE III. Summary of the Properties ofSubelones Isolatedfronm MBA-treated and
Untreated CHMLi/H Cells.* Assessrments of Morphology Made at Isolation of
Subclone and 5-6 Passages Later
Stable or
unstable
morphology
Stable N
Stable T
Unstable N T
Unstable T ,+ N
Number of subclones giving the
following results of growth in soft agar
+ ±tt -
1 6 6
7 3 1
5 1 3
1 1 0
* Details in Table II.
t Oine variant not tested in agar (see Table II).
jtA = Small colonies which mzay be of normal cells which can ulndlergo 3-5 divisions in agar.
Thirty-six attempts to isolate and test
46 subelones from MBA-treated and
untreated CHMLi/H cultures were suc-
cessful and included both normal and
transformed morphological types. The
data for PE, growth in agar and
morphology for the 36 liver subelones are
shown in Table II, and some of the data
are summarized in Table III. It is clear
that not onily does the morphology of a
number of subelones apparently change
during the 5-6 passages between isolation
and test, but that a number of subelones
seemed able to undergo limited growth in
soft agar, thus making it difficult to
distinguish whether this was in excess of
the 3-5 divisions which normal cells can
undergo in agar (Macpherson and Montag-
nier, 1964).
Examination of those agar-growth
results which were either clearly negative
or clearly positive (Tables II and III)
showed that, of 23 subelones which were
classified as morphologically transformed
either when isolated or when subsequently
checked, only 13 were clearly able to form
colonies in agar. This lack of correlation
may well be a reflection of the apparently
changing morphology. Thus, examina-
tion of those 24 subelones whose morpho-
logy persisted (Table III) revealed that
only 1 out of 13 normal subclones com-
pared with 7 out of 11 transformed sub-
clones were clearly positive in agar.
Once again it is clear from Table II
that there is no correlation between PE
and either morphology or growth in agar.
PEs ranged from 070o to 67% for those
subelones clearly positive in agar.
Of 15 attempts to isolate subclones
from MNU-treated and untreated
CHMP/E cultures, 9 were successful, and
TABLE IV.-Properties ofSubclones Derivedfrom CHI MP/E
N-methyl-N-nitrosourea (MNU)
Morphology*
Plating
Treatmenit After 5-6 efficiency
Subcloiie (,ug/ml MNU) At isolation passages (Mo)
A 50 N N 0-6
B 50 N N 8.0
C 50 T N 6-4
D 50 T N 6-0
E, 100 N N 10-4
F 100 T T 11.0
G 100 T T 6-7
H 100 T N 1-9
I 100 T N 1-6
Cells Treated with
Agar
plating
efficiency
1*8
0-2
* CHAIP/E cells had N morphology and did not grow in agar at the time of treatment.
Growth*
in agar
-t
Totals
13
11
lot
2
36
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the data relating to morphology, PE and
growth in agar are presented in Table IV.
Again there is no correlation between PE
and other properties, and there is also
apparentchangeinthemorphologyofsome
subclonesbetweenisolationandtest. How-
ever, examination of the later assessment
of morphology (Table IV) shows an
obvious correlation between transformed
appearance and growth in soft agar.
DISCUSSION
A recent paper by Sanford et al. (1974)
showed that morphological changes which
were characteristic of transformation in
Syrian hamster cells did not correlate with
subsequent tumour production with any
degree ofpredictability. A number ofthe
subelones described in the present study
have been injected into immunosuppressed
Chinese hamsters to see if they were
malignant, and so far 3 tumours have
arisen from transformed prostate cells,
but none as yet from normal cells. Thus,
comparisons between tumourigenicity and
morphology, of the type reported by
Sanford et al. (1974) have not yet been
possible. However, good agreement has
been reported between tumourigenicity
and growth in soft agar (Kirkland and
Pick, 1973; Kirkland et al., 1975; Evans
and DiPaolo, 1975) or in a comparable
methyl cellulose suspension medium
(Freedman and Shin, 1974). It would
therefore seem justifiable, for the present,
to take growth in soft agar as one indicator
of malignancy. Using this as a criterion,
from the data presented (Tables I-IV)
there appears to begreat variationbetween
the 3 cell types studied in the predict-
ability of malignant transformation from
morphological changes.
Only the subclones isolated from
CHMK/H cultures showed stable morpho-
logical change correlating with growth in
agar (Table I), and transformation of
CHMK/H cells would therefore seem a
useful means of detecting carcinogens.
However, spontaneous transformation is
a frequent phenomenon which may con-
found the interpretation of data obtained
from experiments designed to measure
the frequency ofchemically-induced trans-
formation (Sanford et al., 1974; Kirkland
et al., 1975). The high level of spontan-
eous morphological change seen in
CHMK/H cells (Fig. 1) exemplifies this
difficulty: treatment with 10 jig/ml MCA
caused only a doubling in transformation
compared with control cultures. Clearly
these cells are not as useful for the detec-
tion of chemical carcinogens as they at
first seem.
The level of spontaneous morpho-
logical change in liver and prostate cul-
tures was very low (Figs. 2 and 3), and
these cells would therefore seem to be of
more use for detecting chemical carcino-
gens. However, as mentioned previously,
morphologically transformed liver cells
were not easily recognizable and this is
presumably why 33% of the liver sub-
clones changed their morphology over
5-6 passages (Tables II and III) and
hence the poor correlation between morph-
ology and growth in soft agar.
Morphologically transformed prostate
cells were more easily recognizable (Fig. 6)
than transformed liver cells, but some
isolated subelones still changed their
appearance (Table IV). Two possible
reasons for this are: (i) the colonies which
were isolated by ring cloning were not
homogeneous, andnormalandtransformed
cells growing together in the subelone
were not distinguishable one from another,
or (ii) atthetimeofisolation, thecellsinthe
subclone had not achieved a stable pheno-
type. This latter possibility is indicated
by the fact that several passages later
there was a good correlation between
morphology and growth in agar (Table
IV). It is interesting to note here that
Evans and DiPaolo (1975) state that
guinea-pig cells take 4-18 months of
culturing after treatment to achieve full
expression of the ability to grow in soft
agar and to produce tumours.
Whatever the reason for the time-
dependent variation in morphology in
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ostensibly pure subelones, the task of
correlating chemically-induced morpho-
logical transformation with malignant
change becomes very difficult.
The clearest conclusion to be drawn
from the results presented here is that, for
Chinese hamster cells at least, there is no
correlation between PE and other proper-
ties of transformed cells such as altered
morphology and growth in soft agar.
Chinese hamster cells would appear to
differ from mouse cells (Frei and Oliver,
1972) in this respect.
Despite the number of reports pub-
lished on chemically-induced transfor-
mation in recent years, discrepancies still
arise when attempts are made by other
workers to repeat previously reported
experiments (Sanford et al., 1974) or when
published criteria of transformation are
applied to new systems, as indicated by
the data presented here. There would
seem to be a long way to go before
chemically-induced in vitro transformation
achieves the degree of reliability enjoyed
by virus-induced transformation.
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